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ABSTRACT

Introduction: The prudent utilization of antibiotics has resulted in the rise of multidrug resistance within Enterobacterales,
mainly attributable to the production of beta-lactamases like Carbapenemases. Combination therapy, particularly
Ceftazidime-Avibactam (CZA), has emerged as a preferred strategy. Resistance to this combination has also been noted,
prompting this investigation to evaluate CZA's in vitro susceptibility against multidrug-resistant pathogens.

Objectives:

1. Toisolate and identify CRE from various clinical samples

2. Toassess CZA's in vitro susceptibility to these CRE isolates.

Material & methods: In the course of a six-month observational research, all samples obtained at the microbiology lab,
were examined. Identification of Enterobacterales was carried out using standard techniques. CRE strains were identified by
conventional Mcim and microbroth dilution methods through the Vitek-2 system. Testing for CZA in CRE strains was
conducted using the Kirby Bauer disc diffusion method as well as MIC determination with the Vitek-2 system. Results: In a
sample set of 45 specimens, 33% and 67%, respectively, of the detected CRE isolates were Klebsiella
pneumoniae&Escherichia coli. Among the E. Coli isolates, 29% (13) exhibited susceptibility to CZA, while 38% (17)
showed resistance to CZA. Regarding Klebsiella pneumoniae, 13% (6) were susceptible to CZA, whereas 20% (9) displayed
resistance to CZA. Conclusion: The IDSA (Infectious Diseases Society of America) states that the CZA is a preferred
single-drug therapy for curing infections caused by CRE. However, a rise of resistance to CZA is a growing concern, leading
to the need for careful monitoring to improve its effectiveness.
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INTRODUCTION

Antimicrobial resistance (AMR)presents a significant
risk to world well-being & health and affects people
from different socioeconomic backgrounds. The
WHOhas acknowledged AMR as “a global health
security threat that requires action across government
sectors and society as a whole”.®

The burden of AMR among the Gram-negative
bacteria (GNB) presents a daily challenge for
physicians working in intensive care units (ICUs).
This burden highlights the consequences of bacteria
acquiring drug resistance to multiple drugs, a
phenomenon fueled by increasing selection pressure
brought on by the overuse and misuse of antibiotics
over time.®3)

The multifaceted nature of antimicrobial resistance in
GNB encompasses both enzymatic as well as non-
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enzymatic mechanisms. Enzyme pathways entail the
production of antibiotic-inactivating enzymes, which
directly degrade or modify antibiotics, whereas non-
enzymatic mechanisms involve alterations in bacterial
cell structures or the enhancement of efflux pumps,
diminishing antibiotic efficacy. This dual strategy of
resistance underscores the adaptability of GNB and
emphasizes the urgent necessity for innovative
approaches to address this escalating global health
threat.(4)

Resistance to antibiotic classes like cephalosporins,
penicillins, and carbapenems is conferred by
enzymatic inhibition via the production of different
types of beta-lactamases, including ESBL (Extended-
Spectrum Beta-Lactamases), MBL (Metallo-Beta-
Lactamases), AmpC beta-lactamases, and
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carbapenemases. This makes the organism highly
resistant to these important antibiotic therapies.(5)
The surge in antibiotic resistance has grave
implications, leading to significant loss of life. More
fatalities worldwide were directly caused by AMR in
2019 than by HIV and malaria combined, totaling
1.27 million. (6)

It is concerning to note that estimates suggest that by
2050, AMR will be mostly affecting Asia, with 4.7
million fatalities directly related to AMR.(7).
Interestingly, India has one of the highest rates of
AMR, underscoring the wurgency for targeted
interventions to mitigate this escalating health
crisis.(8)

Ineffective infection prevention control (IPC) methods
and easy access to drugs without a prescription are
among the difficult aspects that add to the burden of
AMR in India. Antimicrobial usage peaked in 2010 in
India 1, with limited laboratory resources for disease-
based diagnosis and inadequate, consistent, and
effective surveillance systems to monitor drug-
resistant trends and consumption @%

The treatment available for MDR pathogen is limited
and usage of monotherapy leads to the development
of resistance.CZA is a novel cephalosporin that
contains B-lactamase inhibitor and is not a beta-
lactam. 9

Avibactam inhibits ESBLs, AmpC p-lactamases
(expressed in  Pseudomonas aeruginosa and
Enterobacteriaceae), OXA-48 p-lactamase family,
and class A carbapenemases (such the Klebsiella
pneumoniaecarbapenemase KPC). CZA is used to
treat severe cUTI (complicated Infections Of The
Urinary Tract), clAl (difficult Intra-Abdominal
Infections), HAP (Hospital-Acquired Pneumonia)
including VAP, & infections resulting from Gram-
negative bacteria for which there are no viable
treatment options. (12,13)

With all these above considerations the need for a
combination of antimicrobial therapy is important to
overcome the MDR pathogens. So in this study, we
are going to evaluate CZA’s in vitro susceptibility
opposing MDR pathogens.

MATERIAL & METHODS

A six-month cross-sectional study was conducted in
the microbiology department of the Karwar Institute
of Medical Sciences in Karwar, Karnataka, from
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February 2023 to July 2023, following approval from
the ethics council.

All samples (pus, sputum, fluid, blood & body fluids,
urine) received in the microbiology lab were included,
where enterobactrales were identified as per the
standard method.®4

CRE isolates were identified by both conventional
Mcim and microbroth dilution by the Vitek-2 system.
The procedure for Mcim involves incubating a
meropenem disc (AST disc with a 10pg drug
concentration) in a tryptic soy broth containing one pl
loopful of the test organism for two hours. After two
hours, the ATCC strain of E. coli is grown in a lawn
culture. in accordance with the accepted disc diffusion
testing procedure. After being removed from the
broth, the meropenem disc is positioned on top of the
lawn culture and incubated at 37°C for the entire
night. The following day, the zone of inhibition of the
meropenem disc is measured for diameter.®5

The drug in the disc was active if the zone diameter
was within the susceptible range, indicating that the
test isolate was not producing carbapenemase. The
test isolate's ability to produce carbapenemase is
confirmed if the zone diameter is within the resistance
range, indicating that the isolate's carbapenemase
inactivated the meropenem in the disc.

The Vitak-2 system for MIC and the Kirby Bauer disc
diffusion method for CZA were used to test the
susceptibility of the CRE isolates. (15).The test isolate
was cultured in a lawn culture for 24 hours at 37°C
using 30/20 pg of ceftazidime-avibactum.The zone
diameter was measured and assessed the next day. The
same CRE isolate was analyzed in the VITEK 2 to
determine the MIC of CZA using GN ID and 407 AST
card (upper panel).

RESULTS

Out of 645 samples received in 6 months, 297 were
GNB,among them 143 were enterobactrales.Among
these, 45 were CRE. The CRE isolated in our was
E.coli(67%) & Klebsiella pneumoniae (33%) as
shown in chart 1.0ut of 45 CRE isolates, 19
(42%)were susceptible to CZA, and 26(58%) were
resistant to CZA shown in chart 2. The susceptibility
pattern of CZA among CRE isolates in various
samplesis shown in chart 3.

CRE isolated were common in pus samples followed
by urine and respiratory samples.
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CRE ISOLATES IN OUR
STUDY
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CHART 1: CRE ISOLATES IN OUR STUDY

susceptibility pattern of
CZA
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CHART 2: SUSCEPTIBILITY PATTERN OF CZA AMONG CRE
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CHART 3: SUSCEPTIBILITY PATTERN OF CZA AMONG CRE ISOLATES BASED ON SAMPLE
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DISCUSSION

For an early diagnosis and suitable treatment,
carbapenem resistance must be identified as soon as
possible.

Selecting an antibiotic therapy for gram-negative
illnesses resistant to carbapenem is nearly always
challenging. It is crucial for clinicians to comprehend
the processes underlying resistance, whether they are
caused by the synthesis of carbapenemase
(NDM,VIM,IMP, KPC,0XA-23/24,0XA-48 alike),
Alternatively by different mechanisms (loss of porin
and carbapenem resistance due to efflux pump). ¢
The more well-known BL-BLI combination groups of
antibiotics, such as ticarcillin-clavulanate, AMC,
ampicillin-sulbactam, PTZ, CFS, etc., are almost
ineffective against these CROs. The therapy options
against these bugs have been strengthened with the
introduction of a number of innovative BL-BLlIs.
These consist of imipenem-relebactam, ceftolozane-
tazobactam, meropenem-vaborbactam, and
ceftazidime-avibactam,  the  antibiotic  under
investigation in this work. @7

It has been shown that CAZ-AVI resistance can
develop in both in vitro and clinical settings. Before
CAZ-AVI therapy was available, a patient with a
KPC-producing K. pneumoniae (KPC-Kp) strain had
never received CAZ-AVI therapy. This patient's case
is the first known instance of CAZ-AVI resistance. 8
According to our investigation, there were 45 total
CRE isolatesofwhich 58% were susceptible to
CZA.This is consistent with research by Diekema et
al. 9& Leal et al.?» which concluded that E. Coli
was the most frequently isolated pathogen. The CAZ-
AV sensitivity of these CRE is only 42%, as opposed
to 45% in a few previous investigations. Y

For the treatment of infections brought on by GNB for
which there are few effective treatment options like
CAUTI, lAland VAP, CZA is advised. For persons
with a creatinine clearance greater than 50, an
gntra)venous dosage of 2 g every 8 hours is advised.
22,23

However, one has to take measures to reduce the
MDRO by following a different and useful approach
and averting damage from MDRO infections is IPC
(Infection Prevention & Control). This technique
comprises two types of interventions: horizontal and
vertical. Horizontal interventions use uniform
techniques to reduce the spread of various diseases at
the same time, while vertical therapies reduce specific
infections by active screening programs followed by
decontamination. @4

IPC measures are advised by national and local
recommendations to control MDRO transmission in
LTCFs (Long-Term Care Facilities). 526

CONCLUSION

Two main antibiotics which are available for CRE are
colistin, tigecycline but the antibiotics have serious
side effects and higher mortality rates when compared
to CZA medications that work against CRE isolates
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are a unique combination of Plactam/B-lactamase
inhibitors.

According to the IDSA, CZA is a recommended
therapeutic choice when administered as monotherapy
for infections brought on by CRE. Constant
interactions between microbiologists, clinicians, and
infection control personnel for appropriate usage of
antibiotics & improvement of infection control
protocols to improve clinical outcomes and stop the
emergence of AMR.
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